Abstract
Introduction characterized using purified BBM and BLM vesicles isolated from the intestine of human donors 67 and animal models and shown to involve specific carrier-mediated mechanisms at each of these 68 membrane domains (23, 24, 26, 27) . Furthermore, the intestinal RF uptake process was found to 69 be sensitive to the inhibitory effect of membrane impermeant -SH group modifiers (25).
70
Molecular identity of the mammalian RF transport systems has recently begun to emerge 71 following cloning of three RF transporters from human tissues: human riboflavin transporter-1 -72 2, and -3; hRFT-1, hRFT-2 and hRFT-3, respectively (39-41). All three hRFTs are expressed in 73 the human intestine, with hRFT-2 expression being markedly higher than the others (40). This body RF homeostasis, understanding the cell biology of hRFT-2 in absorptive cells is important.
80
Our aim in this study was to address this issue with specific focus on identifying molecular 81 determinants that dictate membrane targeting of the hRFT-2 protein, and to identify the elements 82 important for its intracellular trafficking. This was performed using confocal microscopy to analysis and transfected at 95% confluency with 2-4µg of plasmid DNA using Lipofectamine 117 2000 (Invitrogen). Transfected cells were visualized using confocal microscopy after 24-48 h.
118
For stable expression, HuTu-80 cells transiently expressing GFP-hRFT2 and GFP were 119 generated by G418 selection (0.8 mg/ml) for 4-8 weeks.
120

Preparation of Xenopus oocytes and nuclear microinjection -Female adult Xenopus laevis frogs
121
were anesthetized by immersion in 0.1% aqueous solution of 3-aminobenzoic acid ethyl ester 122 (MS-222) for 15 min, and after death by decapitation, whole ovaries were removed. The 123 procedures used in this study were approved by University of Minnesota animal use committee.
124
The epithelial layers of stage VI oocytes were removed and treated with collagenase (0.5 mg/ml 125 for 30 min) in dissociation solution (in mM: 82.5 NaCl, 2.5 KCl, 10 Na 2 HPO 4 , and 5 HEPES, pH CaCl 2 , pH 7.4) were injected with a Drummond microinjector into the nucleus of each oocyte.
129
Injected oocytes were separated and maintained in Barth's solution with repeated changes of 130 solution at least every 12 h as described before (30, 31 period the reaction was terminated by the addition of 2 ml of ice-cold KR buffer followed by 144 immediate aspiration. Cells were then digested with 1 ml of 1 N NaOH, neutralized with 10 N 145 HCl, and then measured for radioactive content using Beckman Coulter LS6500 multipurpose 146 scintillation counter. Protein contents were estimated on parallel wells using a protein assay kit 147 (Bio Rad, CA).
148
Real-Time PCR-Five micrograms of total RNA was isolated from GFP-hRFT2-stably 149 expressing HuTu-80 cells and control cells as described before (33) using Trizol reagent 150 (Invitrogen, CA). cDNA was synthesized from RNA using reverse transcriptase kit (Invitrogen, 151 CA) and real-time PCR performed utilizing hRFT-2 or β-actin primers (Table 2) .
152
Live cell confocal imaging -Fluorophores were excited using the 488-nm/543-nm line from an 153 argon/HeNe ion-laser, and emitted fluorescence was monitored with a 515±30-nm short pass filter
154
(GFP) or a 570±50-nm long pass filter (RFP). The motion of individual vesicles was analyzed using frame-to-frame tracking software (Metamorph, Universal Imaging, Downingtown, PA).
156
Videos are provided as Supplementary Material [Movies (SM1-3)] (19).
157
Statistical analysis-Uptake data presented in this paper are the result of at least three separate 158 experiments and are expressed as mean ± SE in fmol/mg protein/3min. Differences between the 159 means of samples were tested for significance level at P < 0.05 using Student's t-test. All 160 imaging studies were performed on at least three separate occasions using different cellular 161 preparations.
162
Results
163
hRFT-2 localization in polarized epithelial cells -To study cellular expression of hRFT-2, 164 we examined the localization of GFP-hRFT2 when expressed in polarized intestinal epithelial
165
Caco-2 cell and in Xenopus oocytes. In live Caco-2 cells imaged by confocal microscopy, the 166 distribution of GFP-hRFT2 mimicked known apical targeted protein (hSMVT-GFP) (28) and 167 was clearly different from basolateral markers (hSVCT2-GFP) (4) or GFP alone ( Figure 1A ).
168
The apical expression was also confirmed by immunostaining with specific hRFT-2 polyclonal with GFP expressing cells ( Figure 1D ). This induction was similar to that caused by transient expression of Caco-2 cells with untagged hRFT-2 (i.e., using pFLAG-hRFT2) (517 ± 117 and 178 1585 ± 275 fmol/mg protein/3 min in cells transfected with pFLAG vector and FLAG-hRFT2, 179 respectively). These data demonstrate that full-length NH 2 tagged hRFT2 constructs are 180 functionally active at the apical cell surface of polarized intestinal epithelial cells.
181
The COOH-terminal tail of hRFT-2 is essential for cell surface expression-The full-length 182 hRFT-2 polypeptide is comprised of 469 amino acids and is predicted to have a very short NH 2 - Therefore, these data suggest the COOH-terminal domain of hRFT-2 is required for cell surface 211 expression. were not considered further, whereas the remaining four cysteines were predicted to be localized 226 within extracellular regions of the hRFT-2 polypeptide ( Figure 2B ) and therefore potentially 227 available for disulfide bond formation given the topology of the hRFT-2 protein ( Figure 2B ).
212
Role of COOH-terminal cysteines in hRFT-2 localization and function -To help delimit
228
Mutational replacement of cysteine residues within the COOH-terminal tail of the full-length Figure 5D ). We also examined the potential role(s) of cytoskeletal systems in delivering 277 hRFT-2 to the cell surface. In this study, we used a pharmacological approach to disrupt within this region to be conserved. Two of these four conserved residues were found to be 314 cysteines (C 463 xxxC 467 ). We focused on these cysteine residues because previous studies from 
508
(underlined text) were added to the hRFT-2 primers to allow subsequent sub-cloning into the 509 GFP-C3, GFP-N3 and pFLAG vectors. Table 2 shows the mutated sequence as underlined text. hSMVT-GFP, hSVCT2-YFP and GFP alone. Imaging was performed 24-48 h after transfection. 
